Forty years on, every reputable textbook on marine sciences is prefaced by some words on the nature of scientifi c enquiry or tries to convey the essence of scientifi c discovery through a chapter on the history of oceanography. The change refl ects the different attitude of students towards science that has been commented upon repeatedly in this column:
Today's students are science skeptics-at least in the "developed world"-and have to be taught the very principles of objective scientifi c analysis from the fundamentals on up.
Today, any fi rst-year science course has to be an induction course into the scientifi c method. If it is a marine science course, it will use the example of the ocean environment to achieve that goal.
The course will communicate facts and results along the way, but never lose sight of the main task: to explain why science is not a matter of subjective belief, why science can be sure of its results within the boundaries where they underwent verification, and why it is perfectly acceptable to test these boundaries again and again.
In a nutshell, the aim of any fi rst-year science course is to teach students how to think scientifi cally. This is not achieved by merely reading the preface of a book or going through the history of oceanography (although that may be a good start), it has to be part of the teaching agenda through the entire course.
An essential element of the scientifi c method is quantitative assessment.
There are, of course, situations where a rough qualitative judgment is suffi cient to disprove a theory-a quick look at the night sky invalidates the theory that the moon is blue. But, many situations re- Th is article has been published in Oceanography, Volume 18, Number 4, a quarterly journal of Th e Oceanography Society. Copyright 2005 by Th e Oceanography Society. All rights reserved. Permission is granted to copy this article for use in teaching and research. Republication, systemmatic reproduction, or collective redistirbution of any portion of this article by photocopy machine, reposting, or other means is permitted only with the approval of Th e Oceanography Society. Send all correspondence to: info@tos.org or Th e Oceanography Society, PO Box 1931 , Rockville, MD 20849-1931 quire quantifi cation to determine whether a result predicted by science will be achieved or not. This is particularly true in the environmental sciences, where it is mostly impossible to study processes in isolation and where the signal of interest has to be extracted from a data set controlled by many factors.
Quantifi cation is impossible without mathematics. There is no denying that the mathematical skills of today's students are low and that many students are convinced that anything that requires calculation is beyond their capabilities. This poses a real challenge to any science lecturer.
Hidden Knowledge Brought into Consciousness
As a lecturer of physical oceanography, I am particularly interested in breaking down real and imagined barriers between students and mathematics. The strength of the historical approach, particularly if it is expanded to the history of science in general, is that it can help to demonstrate to students how much they already know without noticing. I found much useful material for the task when I began to teach a class "Science, Civilization, and Society" (for course material, including descriptions of 35 lectures, see http://www.scienceandsociety.tk) a year ago. I discovered that the material I had to prepare for that course was well suited to convince my oceanography students that they possess abilities they did not think they had.
Begin with the simplest of tasks, the four basic operations of arithmetic.
Demonstrate that your students are already masters in the application of one of the greatest inventions of the human mind, the place value number system: Ask them to multiply XIX by CCI. A tall order? Then ask them to multiply 19 by 201-even today's students, who grew up with desk calculators, should be able to fi nd the answer in reasonable time.
Hopefully, the discovery of your students' ability to use a place value number system 1 with ease generates some curiosity about the origin of such an ingenious invention. Whether it is in a science lab or in the supermarket, Arabic numerals are so much easier to use than Roman numerals. How did the Romans use their absolute value number system for advanced calculations? By counting objects:
"calculus" is Latin for "pebble," so to calculate means to count pebbles. How did
Greek science progress without a place value number system? Remind your students of Pythagoras: He avoided arithmetic and concentrated on measuring lengths and areas, using a ruler, a divider, and geometry.
At this stage your students should be impressed to fi nd that they are better trained in some elementary mathematical skills than Pythagoras and Archimedes (who contributed to oceanography by formulating the law of buoyancy, but also spent much time pondering without success about ways to write large numbers in the Greek number system).
They owe their mathematical prowess to an Indian invention. The Sanskrit place value number system, fi rst published in 458, allowed Indian scientists to become world experts in arithmetic. Harmonic functions were known in India before the 7 th century. An opportunity to remind students of this achievement presents itself when you arrive at the discussion of the harmonic method of tide prediction: The interpolation formula to compute harmonic functions was published by Brahmagupta in 628.
The Sanskrit numerals have not changed much from the time of their fi rst introduction to our use today. In the 9 th century, Muslim scientists working in Baghdad raised the power of math-1 In a place value number system the value of each numeral is determined by its place in the number. For example, the numeral 1 in 101 represents 100 at the front but 1 at the end. In contrast, numerals in absolute number systems always retain their value regardless of their position in a number. Th e C in CCI always represents 100.
Whether it is the predictability of the tide or the complex evolution of an ecosystem, qualitative description can only be the start for serious scientific study. The next step is quantitative assessment, which cannot be achieved without mathematics. 
Leibnitz, Newton, and the Need to be Quantitative
Physical oceanography is, of course, more than addition and multiplication, and differential equations can raise the anxiety level of the class. There comes a point when Newton's Laws cannot be avoided. The historical approach cannot teach students the essentials of differential calculus, but it can generate an appreciation of its value and purpose. Sound, scientifi cally based environmental management is impossible without quantitative assessment. Whether it is the predictability of the tide or the complex evolution of an ecosystem, qualitative description can only be the start for serious scientifi c study. The next step is quantitative assessment, which cannot be achieved without mathematics. As future environmental consultants and managers, our students may well leave that step to a trained mathematician. One of the lessons they should take away from a marine science course is an appreciation of the place of mathematics in the environmental management process.
Generating an appreciation of the value of mathematics is the first step in overcoming the phobia of being quantitative.
